Introduction
Biocatalysis, that is, the use of biological systems (purified enzymes, cell free preparations or microorganisms) as catalysts in organic chemistry has gained an increasing interest in the last few years. 1 Biocatalytic processes employ mild and environmentally friendly reaction conditions while they are able to perform organic reactions with exquisite chemo-, regio-and/or enantioselectivities. The advantages of biocatalysis can be observed in oxidation reactions. Thus, oxidative processes catalyzed by enzymes do not require for harsh oxidants and reaction conditions. One example of oxidative biocatalysts are the Baeyer-Villiger monooxygenases (BVMOs). 2 These enzymes are able to perform the Baeyer-Villiger oxidation as well as the oxygenation of different heteroatoms as sulfur, nitrogen, phosphorous or boron, employing molecular oxygen as oxidant, while working at mild reaction conditions (pHs from 6.0 to 9.0; temperatures around room temperature). Unfortunately, the use of BVMOs presents two main bottlenecks: 1) Requirement of a nicotinamide as a cofactor, which can be solved by using a secondary enzymatic system to regenerate the cofactor; and 2) Difficulty of recovery when they are used as purified enzymes. In order to circumvent this last drawback, the enzymatic immobilization by different methodologies has emerged as a very valuable tool. 3 Ionic Liquids (ILs) are salts with a melting temperature below the boiling point of water, with negligible vapor pressure and with a high polarity, that present a huge range of applications in organic chemistry, and specifically in biocatalysis. 4 The main use of Herein, we have developed a set of enzymatic preparations containing a BVMO with
ILs at different conditions. These preparations have been studied in the BVMOcatalyzed sulfoxidation of prochiral sulfides to obtain chiral sulfoxides.
Results and discussion

Immobilization of BVMOs on Eupergit ®
Phenylacetone monooxygenase (PAMO) 5 has been coimmobilized together with the NADPH recycling secondary enzymatic system glucose dehydrogenase (GDH) onto solid Eupergit ® ( Figure 1 ). This preparation was able to oxidize phenylacetone in mild conditions (30ºC, Tris-HCl 50 mM pH 7.5 or phosphate buffer 1.0 M pH 7.0).
Conversions higher than 80% during three consecutive cycles were obtained, while for the fourth cycle part of its activity was lost. 3
Coimmobilization of supported BVMOs in the presence of Ionic Liquids
The high tolerance of PAMO to reaction media different from aqueous buffers, such as 70% v/v of ILs, has been previously established. 6 In order to improve the solubility of 
Immobilization of bifunctional fusion proteins in the presence of Ionic Liquids
In order to create an immobilized self-sufficient BVMO, the fusion protein CRE2-PAMO was expressed and purified as described by Fraaije and co. 7 to be subsequently supported on Eupergit (III) and immobilized in the presence of ILs (IV-V). Once we confirmed the activity of IV-V with its natural substrate phenylacetone (data not shown), the sulfoxidation of substrates poorly soluble in aqueous media such 4 thioanisole or benzyl methyl sulfide (BzSMe) to obtain the chiral sulfoxides, was analyzed. The same approach was also tested with a bifunctional steroid monooxygenase, CRE2-SMO, 8 
Material and methods
Recombinant BVMOs were obtained as previously described. [7] [8] [9] All other reagents and solvents purchased from commercial sources were of the highest quality grade available. Gas chromatography (GC) analyses were performed on a Hewlett Packard 6890 Series II chromatograph. High performance liquid chromatography (HPLC)
analyses were carried out with an UV detector at 210 nm using chiral HPLC column.
Control experiments in the absence of enzyme resulted in no conversion. plates to obtain 1.0-1.5 g of fine powder. The immobilization efficiency was evaluated by spectrophotometry. In all cases, the remaining enzymatic activity of the wash solution was ≤5%.
Immobilization of BVMOs on Eupergit
Immobilization of BVMOs in the presence of ILs
Ionic liquid [bmp]PF 6 (500 mg) was incubated 5 min at 55ºC before adding the BVMO preparation supported on Eupergit ® (100 mg) or the BVMO-containing CFE (30 mg).
The mixture is allowed to cool to room temperature and white powder is collected afterwards (Figure 2a and/or Ammoeng102 TM in 50 mM Tris-HCl pH 7.5 for the coating.
General method for the oxidations catalyzed by immobilized BVMOs
The starting phenylacetone, thioanisole and benzyl methyl sulfide (20 mM) were dissolved in Tris-HCl 50 mM pH 7.5, containing D-glucose or sodium phosphite (40 mM), NADPH (0.2 mM) and the immobilized BVMO (100 mg, 1 U). The mixture was shaken at 250 rpm and 30ºC for the times indicated. The reaction was then stopped, worked up by extraction with EtOAc (3 x 0.5 mL), dried over Na 2 SO 4 and analyzed directly by chromatography to determine the conversion and the enantiomeric excesses of the sulfoxidation products
